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Build BPS with 3rd Party Data Sources

Collection Processing Analysis Dissemination
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Data files from Identify cut-off Filter data for Jurisdictions Categorize construction Compare Selected around Create » Share the
vendors dates and select 1. New SFH mapping from type and aggregate for one unit data 100 Jurisdictions profiles by findings with
files for October 2. Issued Vendors to Census ~ One unit between which have Jurisdictions Census
and November Status BPS + Cabins BPS and difference greater 1o identify team
1. Manual  Duplexes & Twin vendors than 5% or 50 best
mapping by Homes units between matches to
name Single Family Homes BPS and vendor  BPS
Shape files data

mapping

Continuous collaboration with the Census Survey Stats & Math Stats Team
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Data Collection

Select cut-off dates and

Pick files from week 41-

47 for October and week
45-51 for November

Weekly data delivery on
every Monday through FTP  mmmmp
starting Oct 13th

Construction
Monitor

Weekly data delivery on Select cut-off dates and
Corelogic every Thursday through ™88 Pick files for October and
FTP starting Nov 16th November

Jurisdictions covered

1643

1485

Jurisdictions covered

458

201

Records count

164 k

128 k

Records count

137 k

88.5k

The jurisdictions covered by 3™ party data sources account for about 70% of single-family units authorized in the U.S.
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Data Collection

Export CSV/ excel if
. Search if BPS data is - available, otherwise
Website available online scrape data (API/PDF) for
Oct/Nov

Permit/Application Status Search

Jurisdiction:* Snohomish County - #* - Indicates a required field
Search by: Permit # Project Info Location People

Project MamesDescription (partial Enter the name of the project
match):

Permit Type: @ RK - Residential Building >

Permit Status: & — Select Statuses —

SR o <

10,01 /2020

10,231 /,2020

e

[ Export to Excel

Applied
Permit # Description Address Status Date

17107952RK Expired without final inspectio... 15927 73RD AVE MNE Closed QS5M952017
Application Expiration date - 12904 227TH AVE SE Issued 111872018
Application Expiration date . 13606 S MACHIAS RD Issued 102019
Application Expiration date . 2124 ROBE MEMNZEL RD Issued 11/25,2019 Shape CUnitedStateSD

ensus
0

o980 < Application Expiration date . 13032 1329TH PL 5W I=sused 12/,06,2019 your fUtUre
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Data Processing

Construction Monitor

Classification

Filters e . :
» Cabins, SFH, Duplex, Output # of units
I SN sy Map Jurisdictions p p

Twin Homes
* Stalus —approved  mEE) . \ianually B e ) . \yith shape files

* New Res : . « : :
- * Using shape files keywords “Duplex, * Without shape files
Construction Townhouse, Rowhouse”

Corelogic

Filters

‘ Map Jurisdictions ‘ Classification varies by ‘ Output # of units

Varies by Jurisdiction manually jurisdiction

Website

Apply customized filiers for  mmEp  ceoich by BPS name ) Customize classification P Output # of units
each Jurisdiction
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Next Steps (....over next 3-4 months)

Expansion of jurisdictions
Jurisdiction mapping based on Census geolocations

Classification of construction types library
Add Multi-family homes to BPS work stream

Shape United States®
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Applying and Al and Satellite Imagery
for Construction Classification




Objective and Success Criteria

Goal

« Demonstrate potential value of the
identification and categorization of
construction sites using satellite images.

Sample Locations Construction Start?

oe
:C>

Definition of construction starts:
Excavation and delimitation of building site
Laying the concrete foundation of the building
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Success Measures

Cost: Demonstrate that construction
starts and completions can be
accurately estimated using satellite
Imagery at a cost equal to or less
than existing methods

Timeliness: Demonstrate through the
POC that monthly building starts can
be estimated using geospatial images
and ML/AI as per existing program
timelines
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Initial Project Phases

November 2019 May to July August to September September >
to April 2020

Research and Image Search Model Development and Validating and Future
Experimentation and Collection Training Improvements

swmpameonn  : [erdis conpomptunrs
Models
i Image search X 3 ini
e i it image ordering and v T and iipove G
Define POC requirements downloading classifications
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Pre-constructions
90 days before permit
authorization date or earlier

Construction_Starts
Between 30 days after permit
authorization date and 125
days after it.

Construction Completions
270 days after permit
authorization date.

10 2020CENSUS.GOV

Image Categorization

This image category displays the construction
stage before any construction has happened.
Images display the ground untouched and no
major delimitations or excavations.

This image category displays the
construction stage immediately after
construction has started. Our defined “start”
definition is: “visible excavation or
foundation”.

This image category displays the
completed roof covering the area where
there was a foundation or excavation
previously.

Shape CUnited States®
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CNNs Development Mode

Model A (FastAl)

We utilized Fast.ai libraries and ResNET, a
pre-trained Deep Learning model for image
classification most applied to analyzing visual
imagery. StatsCanada has shown promising
results using similar methodology and tools.

. Rapid Prototyping

- Best utilization and optimization for GPUs

Model B (Keras)

Keras is a deep learning API written in Python, running
on top of the machine learning platform TensorFlow. It
was developed with a focus on enabling fast
experimentation. Being able to go from idea to result
as fast as possible is key to doing good research.

- Large-scale deployments

- Cross-platform

2020CENSUS.GOV

Categorized (Labeled)
Training Image

Dataset

Pre-constructions

Training subset

’ ! -~ ‘N

Starts

HEREN
E . . éTraining

Completions

HERER

80% Used for Training

20% Not Used in Training

Testlng subset

Classification
And
Evaluation

Machine Learning Model
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Training and Testing

The FastAl model was trained to classify between 3
construciton stages image categories (precons, starts, and
completions). It has been trained with 3236 images in the
training subset and 808 images in the relative validation
subset. Initial values of the fitting, showed 8% error rate (or
92% accuracy score). After optimizing the FastAl model
we achieved 94% accuracy score.

For Keras model, the team used 3,262 images as the training
set and 814 images as the validation set. The images are
labeled as “Complete” and “Incomplete”. The model has
achieved an accuracy score as high as 93% during the
training process, with an average accuracy score around
90%. As we further train/ tune the model with more images
from our vendors, we will be able to continue to improve our
model performance.

12 2020CENSUS.GOV

epoch

train_loss

valid_loss error_rate time

0

2
3

0.114260
0172425
0.158284
0.123952

0.310744 0084158 00:26
0.280686 0081683 00:27
0250213 0077970 00:29

0.245381  0.082921 )0O0:25

train_loss

valid_loss error_rate time

0.100892
0.099556
0.096449
0.097957

0.211188 0.077970 00:24
0.206739 0.075495 00:25
0.208337 0.077970 00:24

0.205757 (_ 0.066832 J00:24
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Validating Models

completions/start / 8.23 / 0.00 completions/start / 7.53 / 0.00 preconstruction/start / 6.52 / 0.00

Confusion matrix

completions

preconstruction A
preconstruction/start / 5.04 / 0.01 completions/start / 4.58 / 0.01 preconstruction/completions / 4.54 / 0.01

"
] i "a
start/completions / 4.49 /0.01 preconstruction/start / 3.74 / 0.02 completions/start / 3.54 / 0.03

- "
£F N

—t
-
p—t
-

completions -

preconstruction -

1 interp.most_confused(slice_size=10) Predicted

[('start', 'completions', 17),
('start', 'preconstruction', 17),
('preconstruction', ‘'start', 10),
('completions', 'start', 5),
('completions', 'preconstruction', 3),
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Current Project Phases

November 2020 to January February
December 2020

Location Analysis Image Search Production Mode and Validating and More
and Input Data and Collection Classifications Specific Training

T
{  0OOA

Preprocess NP and SOC Starts Filter by starts density FastAl v2 upgrade Evaluating Classification Metrics
data and add GeoAnalysis Search parameters Model retraining Collab with StatsCanada and CSAC
Validating shapefiles to each place Collection methodology Hunting Mode Acquire more images and increase
Aggregating construction start Gridding original image Implementation validation scale

records for image search into tiles of smaller area Classifying multiple images

Shape CUnited States®
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From Dev to Production

Training and Testing Model

Model used in Hunting Mode

20% Not Used in Training

Testlng subset |
Categorized (Labeled)

Training Image . E -

Dataset E . . Satellite Tasking Sample Locations Image Classification

15% Pre-construction

:> 75% Construction Start J

— . Evaluation i . By 7 R o 10% Construction Completion
» { ’ {5 . S o N
=l | smeEg...

Training
Starts

. Machine Learning Model
E ﬁ m HEREN

Completions

™ L]
: { Classification ) " v ®
Pre-constructions Training subset And :

Machine Learning Model

80% Used for Training
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Mapping Consiruction Starts Data

Pre-process Construction Activity Data
Shapefile Matching and Spatial analytics

(Starts count per location)

C United States

— Bureau

SOC Data

Automated Alteryx Workflows

B BT

O—

) =R o]
S ”I’BIQ
{ !
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Shapefiles matches
Aggregating records by location, data,
and construction starts count

 Validating w/ Google Maps START HERE >

SOC Starts
Locations Mapping
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Image Data Collection

» Filters by place construction density: (starts count/ areain sq km)

« Bounding Boxes

« Image search parameters

< 15% Cloud
coverage

Image fully
covers
shapefile
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Image Collection & Grid Methodology

» Image search selected sample « Gridding into 0.001 sq km tiles
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284 1846 284 1917 284 1983 284 2059 284 2130 284 2201 284 2272 284 2343 284 2414 284 2485 284 2556

284 2627 284 2698 284 2769 284 2911 284 2982 284 3053 284 3124 4 284 3266

284 3408 | 347 B i 284 3692 | 37 i 284 4118

284 4139 284 4260 284 4331 284 4615 284 4686 284 4828

284 4970 284 5112 284 5254 284 5325 284 5396 284 5467 284 5609 284 5680

g g -~ A A5 2 :

T
b A2
' 2 %
- B | | . S g

|

284 5751 284 5322 284 5393 284 6035 284 6106 284 6177 284 6243 4 63 284 6461

= o

' d

_

284 6532 284 6603 284 6674 284 6387 284 6958 284 7029 284 7100 284 7171 284 7242

284 7455 284 7526 284 7597 284 7668 284 7739 284 7810 284 7881
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Production Mode

« FastAl v2 on a new dedicated Reveal Linux server
* Model re-trained on server (GPU enabled)

« Creating production mode environment: from grids to answer

Construction Start (98% probability)

Completions (99% probability)

2020CENSUS.GOV

Pre-construction (98% probability)
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Construction Classifications

Category Avg_probability Max_probability Min_probability
Completions 82.526856 99.9999 36.6909

* Classification Process and Metrics
* 94009 tiles (images) classified

Start 77.87969 99.9999 35.6627

Preconstructions Completions

United States®
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top_568 2130_99.

top_1065_2343 9

Precons Starts

— . : ‘ £
4 gt L : | | ey
oy | “‘P ' ke i . o > . S - ' “
by 4 ; *- T = -
‘ ,'gy | EEELM - —
top_568 2272.99. top_639.710.999 top 639 2130.99. - . L
9925 997 9917 L top_1278_2201 9 top_1491_1491 9
s ' 0p_24852272.9  top_248523439 top_2556.2272.9  top_2556_2343 9 albs ks
‘ Fé : : 9.9967 »
top_1136.2343 9 top "1207 34799  top_1207.4686.9 e A
9.9974 9.9984 9.9947 = v 13
s YRR = top 220127699  top_2556_1704 9
s — I 73 99111 9.9999
. 5 8
1 } ) 3 ¥ e
e top 13492559  top 1420.639.99.  top_ 1420994 99.  top 142025569 [l WS
top_1491 3266 9 top. 149133379 top_1491.3408.9 99184 9074 9985 9.9992 .
9.9997 9.9973 9.9937 R ! )
top 2627 16339  top_2627 19179
e - 9.9991 9.956
MV -
X j\‘ e L " \;
worse_355_3053_ worse_426_0_4‘1 7 .

38.5951

top_3479 36219
9.9932

top_3479 3692 9
9.7395

top_3479 3763 9
9.8523
worse 71 6248 4
4.6693

worse_213 3053 _
41.2964

worse 2130 1775
_40.0203

worse_1988 2414
_42.8442

worse 2201 1278
_40.6895

worse_2343 3692
_39.1315

2020CENSUS.GOV

Completions
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Hunting Mode Validation

« Taking results from classifications
» Aggregating based on locations (geoid)
« Matching aggregation against Census Data

(X /1Y) % match?

Y Census Starts Count

oy SOC Data
g -t Sample Location (Starts count per location)

-

e

<

X Image Classification Starts Count <«

-

top_2556 2272 9 top_2556_2343 9
9.9967 9.9984
C United States

— Bureau

top_1349_2556_9 top_1420_639_99. top_1420_994 99. top_1420_2556_9
9.9184 9074 9985 9.9992
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Revised Grid Methodology

« Collectimage for selected location « Grid to bigger tile area of 0.1sgkm « Automatic Construction Boundary Detection

Classification Model

Shape United States®
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Hunting Mode

After refining our training image dataset, we decided to use two modalities for operations of the satellites. In “Hunting Mode”,
iImages are collected monthly and fed to the CNN models to detect if there are any construction starts.

Satellite Tasking Sample Locations Image Classification

15% Pre-construction
[75% Construction Start_| 4

10% Construction Completion

Machine Learning Model

Shape CUnited States®
your future ensus
2020

25 2020CENSUS.GOV START HERE >




Tracking Mode

Once a construction start has been detected in an image, we will track that location on a monthly basis for changes. We will
apply change detection techniques to track construction progress and tag the construction activity as complete based on the
detection of pre-established features such as finished roof, driveway, landscaping, absence of construction vehicles, etc.

[ ] Construction

l_Sam;_)le Completion
ocation H

Tasked :

Detected
——
- A

Month 2 Month 3 Month 11 Month 12

L

| 2

=2 E Monthly

Construction Start | g

Location Shape United States®
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Change Detection Implementation

Change Detection algorithm in between construction stages is already implemented and tested, ready for
tasked images.

Starts Completions

CUnited States®
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27 2020CENSUS.GOV START HERE > 2020




28

2020CENSUS.GOV

Next Steps

GUI interface for human validation and model feedback

Classify more SOC Starts locations and test Non-Permit locations

Automatic construction boundary detection

Training new non-construction categories to filter out false positive starts:
Streets, parking lots, trees, pools

Specialize current construction categories:
urban starts, rural starts

Integrate Hunting and Tracking mode

Train model on residential multi-unit, and on commercial buildings

Train model to infer construction $ value
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